This network analysis is to determine the most effective treatment in HBeAg-positive patients. PubMed databases were searched for randomized controlled trials. Bayesian network meta-analysis was used to calculate the pairwise hazard ratios, 95% credible intervals, and ranking of surrogate outcomes. 9 studies were identified. The results show that NA add-on PEG IFN might be a better antiviral approach for HBeAg-positive patients in end point of treatment, with a comparable results of nucleoside/nucleotide analogs (NA), PEG IFN, PEG IFN add-on NA, PEG IFN combined NA, and PEG IFN combined placebo in alanine aminotransferase (ALT) normalization and HBV DNA undetectable. Cumulative probabilities of being the most efficacious treatment were NA add-on PEG IFN (30%) for HBeAg loss. The second efficacious (23%) is HBeAg seroconversion. This network analysis shows that NA add-on PEG IFN might be a better antiviral approach for HBeAg-positive patients in end point of treatment. But the long-term efficiency should be further determined.
Introduction
Hepatitis B virus (HBV) infection is one of the most common persistent viral infections in human beings. Over 240 million people worldwide are estimated to currently be chronically infected with HBV [1] . Chronic infection of HBV leads to serious medical complications, such as cirrhosis, hepatocellular carcinoma, and liver failure. The number of deaths from liver cirrhosis, liver cancer, and acute hepatitis due to HBV infection has greatly increased [2] . This highlights the need for effective treatments for chronic hepatitis B (CHB).
Currently, two sets of treatments are available for the treatment of HBV infection, which are the nucleoside/nucleotide analogs (NA) or PEGylated interferon (PEG IFN) [3] . With currently available treatment, HBsAg loss is uncommon; approximately 3-5% of the patients treated with PEG IFN, and 0 to 3% of patients treated with NA, lose HBsAg [4] . In order to improve response to antiviral treatment, different studies have used add-on therapy in various combinations. These include the simultaneous administration of the two drugs in naïve patients, "add-on" or "switch to" strategies in patients already on therapy [5] [6] [7] . However, the results are inconsistent. Therefore, we are performed the evidence base by conducting a network analyses of all published trials of different antiviral treatments (monotherapy, combination, adding on, or switching). Our aim is to determine which treatment is the most effective in treating CHB patients by analyzing surrogate outcomes in CHB.
Methods

Eligibility Criteria.
The eligibility criteria for inclusion into this network analyses are studies involving adults with HBeAg-positive CHB in randomized, controlled trials (RCTs) that investigated a combination of the following therapies (such as monotherapy, combination, add-on, or switching): placebo (PLA), lamivudine (LAM), adefovir (ADV), entecavir (ETV), lamivudine (LdT), tenofovir (TDF), and PEG IFN. The following exclusion criteria were excluded in this study: (1) non-RCTs; (2) coinfection with hepatitis A, C, D, or E, cytomegalovirus, or HIV; (3) patients who were children; (4) patients who were not with HBeAg-positive; (5) patients who had liver failure, HCC, or other liver related complications caused by autoimmune diseases, drugs, or alcoholism.
Literature Search.
PubMed were searched for potential references along with citation searching of relevant articles. The search was limited to English language publications. The original review conducted up to 15th January 2018. The search was conducted using the key words 'HBV or hepatitis B or CHB' and 'IFN or interferon' and 'random * ' . Potentially relevant papers were reviewed by two authors (Zhang H and Zhu BQ) and a third author (Yang L) addressed disagreements. Papers from the original review were also retrieved and reviewed. Meeting abstracts and unpublished data were not included.
Efficacy Measures.
Efficacy was evaluated based on the following criteria: alanine aminotransferase (ALT) normalization: ALT levels < 40 IU/ml; undetectable HBV DNA: HBV DNA levels < 1,000 copies/ml or less; HBeAg loss; HBeAg seroconversion: HBeAg loss and occurrence of HBeAb at the end of treatment (EOT).
Data Extraction.
Data extraction was carried out by two independent reviewers (Zhang H and Zhu BQ). We recorded the following for each study: (1) trial characteristics (the first author's name, published year, country of study, sum of each group, and quality of RCT); (2) patient characteristics (mean age, ethnicity of patients); (3) the details of each regimen (i.e., the antiviral drug used and treatment duration); and (4) observation time and outcomes. We contacted the authors of the eligible publications that had inadequate information; if effective data were still not obtained, those papers were excluded. All the data were reviewed to eliminate duplicate reports of the same trial.
Assessment for Risk of Bias.
We used the Jadad scale to evaluate the quality of the RCTs [15] . The quality of each trial was assessed independently by two study investigators (Zhang H and Zhu BQ). Discrepancies were resolved by discussion with a third person (Zeng WT).The Jadad scale was used to score the methodological quality of RCTs based on the following items: randomization (0−1 points), blinding (0−1 points), and dropouts and withdrawals (0−1 point).
2.6. Statistical Analysis. First, we conducted pairwise metaanalyses to synthesize studies comparing the same pair of treatments with STATA 11.0 software. The results were reported as pooled hazard ratios (HRs) with the corresponding 95% confidence interval (CI). Regression analyses were performed to estimate funnel plot asymmetry. Heterogeneity was explored by the chi-squared test and I 2 test with significance limit set at a P value of 0.10. Second, we built a fixed-effects network within a Bayesian framework, which were burned-in for 5000 Markov Chain Monte Carlo iterations and convergence was based on the Gelman-Rubin-Brooke statistic. A further 25 000 iterations were run and the sampled values were used to estimate response probabilities and HRs. The analysis was performed using in Gemtc software. We networked the translated binary outcomes within studies and specified the relations among the HRs across studies making different comparisons. This method combined direct and indirect evidence for any given pair of treatments. We used P < 0.05 and 95% CIs to assess significance. Figure 1 describes the literature search and exclusion of studies. In total, 9 studies were identified (2 023 patients). We identified 7 trials were designed as two-arm trials analyzing [6-9, 11, 13, 14] , whereas the other 2 were three-arm trials [10, 12] (Table 1) . Of these, 590 received NA (29.2%), 129 received NA add-on PEG IFN (6.4%), 237 received PEG IFN (11.7%), 137 received PEG IFN add-on NA (6.8%), 431 received PEG IFN combined NA (21.3%), 92 (Table 2) . As the combined analyses were no more than three studies, the heterogeneity cannot be performed.
Results
Study Characteristics.
HBeAg Loss and Seroconversion. All the included trials also reported the rate of HBeAg seroconversion. Seven of them reported the rate of HBeAg loss. No significant differences were in all the treatments under the direct analyses (Table 2 ).
Network Meta-Analyses.
The structure of the network analysis is reported in Figure 2 . Table 3 As no significant differences of HBeAg loss and seroconversion existed in the treatments (Table 3) , the rank probability to be the best treatment should be showed in Figure 3 . Cumulative probabilities of being the most efficacious treatment were as follows: NA add-on PEG IFN (30%) for HBeAg loss and NA switch PEG IFN (37%) for HBeAg seroconversion. The followed approach is NA Chi H et al. [8] Brouwer WP et al. [6] 0 Canadian Journal of Gastroenterology and Hepatology add-on PEG IFN for HBeAg seroconversion (23%). There was no significant inconsistency within the network metaanalysis.
Discussion
Conventional meta-analysis cannot compare the relative effect of one drug to another unless they were compared to each other in the same study. In network meta-analysis, multiple treatment comparisons for a specific disease, which were not compared to each other, can be made simultaneously through a common comparator treatment [16] [17] [18] [19] . This network analysis of 9 clinical trials shows that NA addon PEG IFN is more effective in HBeAg-positive patients based on the goal of loss of HBV DNA, loss of HBeAg, and development of anti-HBeAg antibodies. Also, to the best of our knowledge, this is the first study that provides both direct and indirect evidence in terms of comparative effectiveness of antiviral treatments (monotherapy, combination, adding on, or switching) by included RCTs studies. Theoretically, a combined NA and PEG IFN approach may provide advantages by combining the potent antiviral effect of NA plus the immune modulation of IFN [5, 20] . However, the evidence of such a combined approach is lacking. In our network analysis, this combined approach was not better than other antiviral approaches in the ALT normalization, HBV undetectable, HBeAg loss, and HBeAg seroconversion, except in the treatment of NA switch PEG IFN. Also, this combined antiviral treatment costs more than other approaches.
Our network analysis showed that NA add-on PEG IFN might be a better antiviral approach for HBeAg-positive patients based on the HBV DNA undetectable, HBeAg loss, and HBeAg seroconversion. As we all know, All NAs are competitive inhibitors of the natural endogenous intracellular nucleotide, which means NAs are effective in suppressing HBV replication [21] . However, the challenge of antiviral therapy is to clear the HBV covalently closed circular DNA (cccDNA) pool. NA has been reported to reduce intrahepatic as well as serum cccDNA [22] . But it is unknown whether long-term NAs have a greater effect on HBV intrahepatic cccDNA decline. As reported, low quantitative hepatitis B surface antigen (qHBsAg) and HBV DNA were strong predictive stopping rule in HBV patients treated with PEG IFN [23] . Serum qHBsAg appears to be more strongly correlated with cccDNA levels in HBeAg-positive patients [24] . Thus, patients first with NA treatment achieved undetectable HBV DNA, followed by adding on PEG IFN which might get a better efficiency.
Our analyses have some strengths, including the use of an exhaustive search strategy, use of RCTs studies, and treatment comparisons by Bayesian networks. However, the results need to be interpreted with caution for the following reasons.
First, the initial treatment for patients with HBeAgpositive was different among the included studies. Table 1 has shown the results. Second, the criteria of included patients were different, and the heterogeneity cannot performed because no more studies were included. Third, most of the studies were performed in China. Forth, HBsAg loss and/or seroconversion which are the major end points of successful HBV therapy were not analyzed, because the data of HBsAg loss and/or seroconversion is limited in the included studies. Therefore, more clinical studies performed in different populations are necessary to access the generalizability of the results. Finally, the efficiency of the network study was based on the end point of treatments. The long-term efficiency should be further determined.
Conclusion
This network analysis shows that NA add-on PEG IFN might be a better antiviral approach for HBeAg-positive patients in end point of treatment. Studies of combination therapy with PEG IFN and NA are still ongoing in a large cohort of patients with a long-term follow-up, and it is possible that this addon approach may be a future option that may be considered in individual patients, when more robust data will provide definitive evidence of efficacy and clinical benefits.
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